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@ Noise suppressing apparatus capable of preventing deterioration in high frequency signal 
characteristic after noise suppression and in balanced signal transmitting system. 

@ A noise suppressor has signal detecting device 1 for detecting signals A and B on signal lines, sum signal 
generating device 21 for summing the detected signals, difference signal generating device 22 for differencing 
the detected signals, noise canceling device 3 for suppressing or removing noise components in a difference 
signal generated by the difference signal generating device and signal separating device 4 for separating the 
signal to those corresponding to the signal lines, according to the difference signal with the noise components 
suppressed or removed and the sum signal. 

FIG. 1 



CM 
< 

in 



CM 
CO 



LU 



Noise 03 
Signal f\o 



Signal gc 



Signal 
detecting 
means 



21 



ty Signal nixing 
unit 



(A+B)+(ea+et>) 
^ A+B 



Gust signal 
generating neans 



Difference signal 
generating means 



\ 

22 



Noise canceling- 
neans 



1 
3 

(A-B)+(ea-et>) 
*;(A-B)f-2ea 



V 



Signal 
separating 
means 



A' 
B" 



(A-B) 



a balanced type transmission syste*, e^-6a 



BNSDOCID: <EP 0629054A2_L> 



Rank Xerox (UK) Business Services 

13. 10/3.09/3.3.-41 




EP 0 629 054 A2 



DETAILED DESCRIPTION OF THE INVENTION 

1 .Industrial Field of the Invention 

5 The present invention relates to a noise suppressor for suppressing or removing noises contained in a 

stereo signal and other signals that are received and processed mainly by an FM receiver. 

And the present invention relates to a noise suppressing apparatus for suppressing, or removing noise 
and the like contained in a signal processed by a signal processing apparatus such as a receiver and an 
amplifier, and processed by a recording/reproducing apparatus, e.g., a video deck, an audio deck, a CD 

10 player, a DAT deck, and so on. 

2. Related art of the Invention 

Conventionally, in a transmission system for transmitting signals to plural signal lines, for example, a 
75 transmission system having two signals, R (right) and L (left), of a stereo, for suppression or removal of 
noise components in signals, a noise suppressor has been provided for R and L signals, respectively, to 
suppress or remove the noise components. As such noise suppressor, a noise limiter for simply limiting a 
noise level of a signal level or a higher level, a noise suppressor for dividing a signal to plural frequency 
bands, determining noise components in the signal, suppressing the noise components by providing a filter 
20 coefficient for cutting out the noise components to a bandpass filter (BPF) that is capable of controlling a 
bandpass characteristic for each of the frequency bands, and summing the frequency components 
thereafter and the like are used. These noise suppressors are also applied to a transmission system of 
balanced type in relation to noises. 

However, it is a problem of such noise suppressing means that a sufficient noise suppressing effect 
25 cannot be obtained, when a noise component is low, because it is difficult to determine the noise 
component in a signal. 

In consideration of such problem of conventional noise suppressor, it is an object of the invention to 
provide a noise suppressor capable of obtaining a sufficient noise suppressing effect. 

Meanwhile on the other hand in general, when a signal is recorded on a magnetic tape, or reproduced 
30 from the recorded tape in a recording/reproducing apparatus such as a video deck and an audio deck, nose 
is produced in the recorded signal, or the reproduced signal due to various reasons. Since this noise may 
deteriorate the picture (image) quality of the reproduced video signal in the video deck, and the sound 
quality of the reproduced audio signal in the audio deck, such noise should be removed as much as 
possible. 

35 Conventionally, various noise removing methods have been utilized by which noise components 
contained in signals are suppressed, or removed. In one conventional noise removing method, the level of 
the signal which has passed through the high-pass filter, is limited by the noise limiter. Then, the signal 
which has passed through this noise limiter are recognized as the noise component, and therefore the 
polarity of this signal is inverted. Finally, the polarity-inverted signal is superimposed with the original signal 

40 to cut off the noise component. In another conventional noise removing method, the signal is subdivided 
into a plurality of frequency bands, and a judgement is made whether or not noise components are 
contained in the subdivided signal. Based upon this judgement result, the filter coefficients capable of 
cutting such noise components are supplied to the band-pass filters (BPF) whose pass-band characteristics 
can be controlled, and which are provided for the respective frequency bands, thereby suppressing the 

45 noise components contained in the original signal. Thereafter, the respective frequency components are 
summed with each other. 

However, since the high frequency characteristics of the signals which have been noise-suppressed in 
the above-explained noise suppressing method will be deteriorated, articulation cannot be improved. 
Moreover, there is another problem that noise would be newly produced during the noise suppression. 

50 

SUMMARY OF THE INVENTION 

A noise suppressor for use in a signal transmission system of balanced type ,of the present invention 
has : 

55 signal detecting means for detecting signals on signal lines, 

sum signal generating means for summing signals detected by the signal detecting means, 
difference signal generating means for differencing the detected signals and 

difference signal canceling means for suppressing or removing the difference signal generated by the 
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difference signal generating means. 

A noise suppressor for use in a signal transmission system of balanced type in relation to noise 
components, of the present invention of claim 2 has: 

signal detecting means for detecting signals on signal lines, 
5 sum signal generating means for summing signals detected by the signal detecting means, 

difference signal generating means for differencing the detected signals, 

noise canceling means for suppressing or removing noise components contained in the difference 
signal that is generated by the difference signal generating means and 

signal separating means for separating signals corresponding to the signal lines according to the 
10 difference signal with the noise components suppressed or removed and said sum signal. 

A noise suppressor of the present invention is to change parameters according to a frequency band and 
multipass in noise suppression or removal using the spectral subtraction method. 

A noise suppressor of the present invention has: 

signal transmitting means for sending a signal to be transmitted and a phase-inverted signal thereof to a 
75 predetermined signal transmission system, respectively, 

signal mixing means for mixing the signal and inverted signal transmitted thereto by the signal 
transmission system and 

noise canceling means for suppressing or removing noises that enters the signal transmission system 
according to the mixed signal and the signal or inverted signal, wherein 
20 the noises are similarly contained in the signal and inverted signal in transmission. 
A noise suppressor of the present invention has : 
tuning control means for controlling the tuning of receiver means, 

detuning level detecting means for detecting a detuning level in the receiver means and 
noise canceling means for suppressing or removing noise components contained in a signal received 
25 by the receiver means according to the detected detuning level. 
A noise suppressor of the present invention has : 

ghost detecting means for detecting a ghost in a video signal of signals received by receiver means 
which is a TV receiver and 

z noise canceling means for suppressing or removing noise components contained in an audio signal of 
30 the signals received by the TV receiver according to the detected ghost. 

Meanwhile further the present invention has been made in an attempt to solve the above-described 
conventional problems, and therefore, has an object to provide a noise suppressing apparatus capable of 
■preventing deterioration in high frequency characteristics of signals which have been noise-suppressed, 
thereby improving articulation of the reproduced signals. 
35 Another object of the present invention is to provide a noise suppressing apparatus capable of reducing 
noise levels of reproduced signals which are produced during noise suppressing operation. 

To achieve the above-described objects, a noise suppressing apparatus, according to the present 
invention, comprises: recording/reproducing means for recording/reproducing data; a noise memory, for 
storing therein a noise pattern used to suppress, or remove a noise component of the data produced during 
40 the reproducing operation by the recording/reproducing means; and noise canceling means for suppressing, 
or removing the noise component contained in the reproduced signal of the recording/reproducing means 
based upon the stored noise pattern. 

In the present invention, a recording/reproducing means performs the recording/reproducing operations 
of data; a noise memory stores a noise pattern used to suppress, or remove a noise component; and a 
45 noise canceling means may suppress, or remove the noise component contained in the reproduced signal 
based upon the noise pattern stored in the noise memory. 

In the present invention, there are provided: a recording/reproducing means performs the record- 
ing/reproducing operations of data; a noise acquiring means acquires noise data during the recording 
operation of the data; a noise memory stores the acquired noise data; and a noise canceling means 
so suppresses, or removes the noise component contained in the reproduced signal based on the noise data 
stored in the noise data. 

In the present invention, there are employed: a recording/reproducing means for recording/reproducing 
data; a no-signal-condition detecting means for detecting a no signal condition during signal reproducing 
operation; a noise memory for storing therein noise data under the no signal condition when the no signal 
55 condition is detected; and a noise canceling means for suppressing, or removing a noise component 
contained in the reproduced signal during the reproducing operation based on the noise data stored in the 
noise memory while at least no signal condition is not detected by the no-signal-condition detecting means 
during the reproducing operation. 

3 
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In the present invention, there are provided: an amplifying means for amplifying a signal; an amplifica- 
tion controlling means for controlling an amplification of the amplifying means; and noise canceling means 
for suppressing, or removing a noise component contained in the signal amplified by the amplifying means 
in response to the amplification. 

5 In the present invention, there are provided: a signal switching means for switching an output signal 

derive from a receiving means for receiving a signal wave and an output signal derived from a record- 
ing/reproducing means for recording/reproducing a signal; and a noise suppressing signal processing 
means for suppressing, or removing a noise component contained in such a signal that the switched output 
signal corresponds to the signal derived from the receiving means, and for performing a signal control 

w process operation when the switched output signal corresponds to the signal derived from the record- 
ing/reproducing means. 

In the present invention, there are employed: a sound collecting means for converting a sound into an 
electric signal; a wind information detecting means for detecting a physical amount related to wind during 
the sound collecting operation; noise generating means for generating a noise pattern corresponding to 

15 noise produced in correspondence to the physical amount related to the wind; and noise canceling means 
for suppressing, or removing a noise component contained in the electric signal converted by the sound 
collecting means based upon the generated noise pattern. 

In the present invention, there are provided: a switching operation judging means for performing a 
switching judgement on output signals from a first receiving means and a second receiving means in 

20 response to the reception signals from the first and second receiving means which receive signals at the 
same time; a switching means for switching the output signals derived from the first receiving means and 
the second receiving means in response to the switching judgement result; noise generating means for 
generating a noise pattern corresponding to noise produced during the switching operation based on the 
judgement result; and noise canceling means for suppressing, or removing a noise component contained in 

25 the switched output signal based on the noise pattern generated by the noise pattern generating means. 

In the present invention, there are provided: a signal processing means for processing a signal; a power 
source voltage detecting means for detecting a voltage of a power source of the signal processing means; a 
noise generating means for generating a noise pattern corresponding to noise produced with respect to the 
voltage of the power source in response to the detected voltage of the power source; and a noise canceling 

30 means for suppressing, or removing a noise component contained in the signal processed by the signal 
processing means based upon the generated noise pattern. 

In the present invention, there are employed: a signal processing means for processing a signal; a 
noise-generation-information detecting means for detecting a physical amount related to a noise generation 
by a noise generating means; a noise generating means for generating a noise pattern corresponding to 

35 noise generated in accordance with the detected physical amount; and a noise canceling means for 
suppressing, or removing a noise component contained in the signal processed by the signal processing 
means based on the produced noise pattern. 

In the present invent invention, there are provided: a signal processing means for processing a signal; a 
noise-generation-information detecting means for detecting a rotational frequency and/or a vibration fre- 

40 quency of a noise generating source; a noise generating means for generating a noise pattern correspond- 
ing to noise produced in response to the detected rotational frequency and/or the detected vibration 
frequency; and a noise canceling means for suppressing, or removing a noise component contained in the 
signal processed by the signal processing means. 

In the present invention, there are employed: a signal processing means for processing a signal; a 

45 signal stop controlling means for stopping only the signal processed by the signal processing means; a 
noise memory for storing therein noise data of the signal processing means when the signal is stopped; and 
a noise canceling means for suppressing, or removing a noise component contained in the signal 
processed by the signal processing means based on the noise data stored in the noise memory. 

In the present invention, there are provided: a signal processing means for processing a signal; a noise 

so period detecting means for detecting a noise period during no signal time period of the signal processing 
means; a noise comparing means for comparing noise data present in the detected noise period with past 
noise data stored in a noise memory, and for updating the noise pattern of the noise memory by the noise 
data of the detected noise period under such a condition that a comparison result is greater than a 
predetermined value; and a noise canceling means for suppressing, or removing a noise component 

55 contained in such a signal based on the stored noise data that said signal corresponds to a signal from 
which at least the noise period is not detected. 

In the present invention, there are provided: a signal processing means for processing a signal 
containing a sideband signal; a sideband signal detecting means for detecting the sideband component 
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from the signal processed by the signal processing means; a sideband signal memory for storing the 
detected sideband signal; a noise detecting means for detecting noise from the signal; a noise memory for 
storing the detected noise; and a noise sideband signal canceling means for suppressing, or removing both 
the sideband component and the noise component contained in the signal processed by the signal 
5 processing means based on the sideband signal stored in the sideband memory and the noise stored in the 
noise memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

70 Fig. 1 is a block diagram of a noise suppressor according to a first embodiment of the invention. 

Fig. 2 is a block diagram of a noise suppressor according to a second embodiment of the invention. 

Fig. 3 is a block diagram of a noise suppressor according to a third embodiment of the invention. 

Fig, 4 is a block diagram of a noise suppressor according to a fourth embodiment of the invention. 

Fig. 5 is a block diagram of a noise suppressor according to a fifth embodiment of the invention. 
15 Figs. 6(a), (b) and (c) are drawings showing noise patterns in relation to input signal levels. 

Fig. 7 is a block diagram of a noise suppressor according to a sixth embodiment of the invention. 

Fig. 8 is a block diagram of a noise suppressor according to a seventh embodiment of the invention. 

Fig. 9 is a block diagram of a noise suppressor according to a eighth embodiment of the invention. 

Fig. 10 is a block diagram,of a noise suppressor according to a ninth embodiment of the invention. 
20 Fig. 1 1 is a drawing showing the operation of noise canceler control means 6 of the ninth embodiment. 

Fig. 12 is a block diagram of a noise suppressor according to a tenth embodiment of the invention. 

Fig. 13 is a block diagram of a noise suppressor according to a eleventh embodiment of the invention. 

Fig. 14 is a block diagram of a noise suppressor according to a twelfth embodiment of the invention. 

Fig. 15 is a flowchart showing an example of noise canceling process used by noise canceling means. 
25 Fig. 16 is a drawing showing an example of structure of the noise canceling means. 

Fig. 17 is a flowchart showing an example of operation of the noise canceling means. 

Fig. 18 is a schematic block diagram for showing an arrangement of a noise suppressing apparatus 

according to a first embodiment of the present invention; 

Fig. 19 is a schematic block diagram for indicating an arrangement of a noise suppressing apparatus 
30 according to a second embodiment of the present invention; 

Fig. 20 is a schematic block diagram for representing an arrangement of a noise suppressing apparatus 
according to a third embodiment of the present invention; 

Fig. 21 is a schematic block diagram for denoting an arrangement of a noise suppressing apparatus 
according to a fourth embodiment of the present invention; 
35 Fig. 22 is a schematic block diagram for showing an arrangement of a noise suppressing apparatus 
according to a fifth embodiment of the present invention; 

Fig. 23 is a schematic block diagram for showing an arrangement of a noise suppressing apparatus 
according to a sixth embodiment of the present invention; 

Fig. 24 is a schematic block diagram for showing an arrangement of a noise suppressing apparatus 
40 according to a seventh embodiment of the present invention; 

Fig. 25 is a schematic block diagram for showing an arrangement of a noise suppressing apparatus 
according to a eighth embodiment of the present invention; 

Fig. 26 is a schematic block diagram for showing an arrangement of a noise suppressing apparatus 
according to a ninth embodiment of the present invention; 
45 Fig. 27 is a schematic block diagram for showing an arrangement of a noise suppressing apparatus 
according to a tenth embodiment of the present invention; 

Fig. 28 is a schematic block diagram for showing an arrangement of a noise suppressing apparatus 
according to a eleventh embodiment of the present invention; 

Fig. 29 is a schematic block diagram for showing an arrangement of a noise suppressing apparatus 
so according to a twelfth embodiment of the present invention; 

Fig. 30 is a schematic block diagram for showing an arrangement of a noise suppressing apparatus 
according to a thirteenth embodiment of the present invention; 

Fig. 31 schematically shows a signal condition in the noise suppressing apparatus according to the 
thirteenth embodiment. 
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PREFERRED EMBODIMENTS 

By referring to the drawings, embodiments of the invention are described beiow. 

Fig. 1 is a block diagram of noise suppressor according to a first embodiment of the invention. In detail, 
5 the noise suppressor comprises signal detecting means 1 for detecting signals, for example, signals A and 
B on plural (two, in this case) signal lines, and an output of the signal detecting means 1 is connected to a 
signal mixing unit 2 consisting of sum signal generating means 21 for generating a sum signal from the 
signals A and B and difference signal generating means 22 for similarly generating a difference signal. An 
output of the difference signal generating means 22 is connected t noise canceling means 3 for suppressing 
io or removing noise components in the difference signal, and an output of the noise canceling means 3 and 
that of the sum signal generating means 21 are connected to signal separating means 4 for separating 
signals from the sum and difference signals (signal A* corresponding to signal A, and signal B' to signal B). 

Now, operation of the noise suppressor of the embodiment is described. 

Firstly, a signal transmission system shown in Fig. 1 is of a balanced type in relation to noises, and it is 

rs assumed that a signal A contains a noise ea, and the other signal B contains a noise eb. Then, signals 
detected by the signal detecting means 1 is expressed as signals (A + ea) and (B + eb). 

Succeedingly, the signals are mixed by the signal mixing unit 2. In other words, a sum signal (A + B) 
+ (ea + eb) is generated, by the sum signal generating means 21, and a difference signal (A - B) + (ea - 
eb) by the difference signal generating means 22. However, in the case of a balanced type transmission 

20 system, because absolute values of the noises ea and eb are approximate, and phases thereof are inverse 
to each other, a noise component (ea + eb) of the sum signal approximates 0, and the noise can be 
removed. Therefore, an output signal from the sum signal generating means 21 is expressed as (A + B). 
On the other hand, since the noise component (ea - eb) of the difference signal is a noise of two times the 
level of ea or eb, and determination of the noise component is facilitated, the noise can be easily 

25 suppressed or removed. 

Now, the difference signal (A - B) + (ea - eb) is regarded as a difference signal (A - B) + 2ea, which is 
inputted to the noise canceling means 3. In the noise canceling means 3, the noise component 2ea is 
cancelled, and a difference signal (A - B)' is outputted (the signal is referred to by (A - B)' here, because 
the signal components are slightly changed, when the noise is cancelled). 

30 The sum and difference signals with the noise components suppressed or removed is inputted to signal 
separating means, in which they are separated to signals A' and B' corresponding to the input signals, 
respectively. 

Although the embodiment was described for suppression or removal of noises in a signal transmission 
system of balanced type in relation to noise components, it is not limited thereto, and can be arranged so 

35 as to suppress or remove a different signal of signals in a balanced type signal transmission system. 

Fig. 2 is a block diagram of noise suppressor according to a second embodiment of the invention. In 
the figure, the embodiment is different from the first embodiment in Fig. 1 only in that a noise memory 5 
storing noise patterns is connected to noise canceling means 3, and other structures are identical to those 
of Fig. 1. Therefore, the noise canceling means 3 makes use of the noise patterns stored in the noise 

40 memory 5 for suppressing or removing noise components contained in a difference signal. Other principal 
functions are identical to those of the first embodiment. 

Fig. 3 is a block diagram of noise suppressor according to a third embodiment of the invention. In the 
figure, the embodiment is different from the second embodiment shown in Fig. 2 only in that noise canceler 
control means 6 is connected to noise canceling means 3, and other structures are identical to those of Fig. 

45 2. The noise canceler control means 6 outputs a parameter that is used by the noise canceling means 3 for 
suppressing or removing noise components. Therefore, the noise canceling means 3 makes use of the 
noise patterns stored in the noise memory 5 and the parameter outputted from the noise canceler control 
means 6 for suppressing or removing noise components contained in a difference signal. In addition, a 
. dotted line connecting the noise canceler control means 6 and noise memory 5 shows a modified 

so embodiment that is arranged so as to update the noise patterns in the noise memory 5 according to the 
parameter outputted from the noise canceler control means 6. Principal functions are identical to those of 
the first embodiment. 

Fig. 4 is a block diagram of noise suppressor according to a fourth embodiment of the invention. In the 
figure, the embodiment is different from the third embodiment shown in Fig. 3 in that receiver means 7 for 
55 receiving electric wave signal to obtain a signal that is inputted to signal detecting means, and receiving 
condition detecting means 8 for detecting a receiving condition of a signal received by the receiver means 
7 are provided. An output of the receiving condition detecting means 8 is connected to an input of noise 
canceler control means 6, The noise canceler control means 6 outputs a parameter to noise canceling 

6 
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means 3 according to the receiving condition detected by the receiving condition detecting means 8, and 
updates noise patterns in noise memory 5. Here, the electric wave signal is, for example, a stereo 
broadcast wave signal, and the receiving condition is an input signal level, field strength of the received 
electric wave or the like. 

5 Fig. 5 is a block diagram of noise suppressor according to a fifth embodiment of the invention. The 

noise suppressor of the embodiment is an application example to a receiver for FM stereo broadcast wave. 

In Fig. 5, the noise suppressor is provided with an FM receiving unit 9 for receiving an FM stereo 
broadcast wave, and separating the stereo signal received to right and left channel signals (hereinafter 
referred to as R and L signals), the FM receiving unit 9 is connected with field information detecting means 

70 10 for detecting field information of the received signal, and the R and L signal outputs are supplied to an 
analog-to-digital converter 1 1 for converting an analog to a digital signal. 

The analog-to-digital converter 11 is connected to a signal mixing unit 2 for generating sum and 
difference signals from the R and L signals, and the difference signal output is connected to noise canceling 
means 3 for suppressing or removing noise component in the difference signal. The signal mixing unit 2 

75 includes sum signal generating means consisting of an adder 23 and a fast Hartley transducer (hereinafter 
referred to as FHT) 25 for generating the sum signal and difference signal generating means consisting of a 
subtracter 24 and FHT 26 for generating the difference signal. 

An output (sum signal) of the signal mixing unit 2 and that (difference signal with noises cancelled) of 
the noise canceling means 3 are connected to signal separating means 4 for separating R' signal from L' 

20 signal that correspond to R and L signals according to the sum signal and difference signal with noises 
cancelled, and an output of the signal separating means 4 is connected to a digital-to-analog converter for 
converting a digital to an analog signal. The signal separating means 4 includes a circuit consisting of an 
adder 43 and an inverted fast Hartley transducer (hereinafter referred to as IFHT) 45 for generating the Ft* 
signal and a circuit consisting of a subtracter 44 and IFHT 46 for generating the L* signal. 

25 On the other hand, the field information detector 10 is connected to the noise canceler control means 
that outputs a parameter used for suppressing or removing noise components by the noise canceling 
means 3. Additionally, a noise memory 5 for storing noise patterns is connected to the noise canceling 
means 3. Here, as shown by a dotted line similarly to Fig. 4, the components may be arranged such that 
the noise patterns are updated by the parameter. 

30 The FM receiving unit 9 provides receiver means, and the field information detecting means 10 forms 
receiving condition detecting means. 

Now, a processing method of the noise canceling means 3 according to the fifth embodiment is 
illustratively described. Here, subtraction of the noise pattern is executed for each frequency component in 
each predetermined bandwidth. 

35 As shown in Fig. 17, firstly, a power spectrum |X(k)| 2 of an output H(k) that is subjected to a fast Hartley 
transduction by the FHT 26 is calculated by a formula (Formula 1) below (step S1). 

Formula 1 |X(k)| 2 = (H 2 (k) + H 2 (N-k))/2 

40 Succeedingly, by using a formula (Formula 2) below, a square root of the power spectrum obtained is 
calculated (step S2). 

Formula 2 Vx = -0.1 985987x 2 + 0.8803385x + 0.3175231 

45 (accuracy of 10 bits) 

Then, according to the value calculated and a noise pattern |W(k)| outputted from a noise generating 
unit (noise memory 5 in Fig. 5), a noise spectrum is subtracted by using a formula (Formula 3) below (step 
S3). 

so Formula 3 S(k) = H(k)'(l -a|W(k)|/|X(k)|) 
S(N-k) = H(N-k)"(1 -a|W(k)|/jX(k)|) 

However, correction should be performed to make 

55 (1-a|W(k)|^X(k)|)^/3 

setting of a and £ 

a: 0.5 (for an extremely weak field) 
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0.9 (for a strong field) 
,8: 0.2 to 0.6 

where a is a canceling coefficient that determines a subtraction amount for subtraction of a noise pattern, 
and a clamping coefficient for controlling the canceling coefficient used in cancellation of a noise to 
5 minimize adverse effects of removing the noise. 

In succession, a principle of noise suppression of the fifth embodiment is described. 

When right and left channel signals including noises are referred to as R f and U, those without noises 
as R and L, and the noises as E R , E L , respectively, 

10 Formula 4 R' = R + E R 

Formulas L' = L + E L 

At this point, (R + |_') and (R' - V) are considered. 

75 

Formula 6 A = <R' + |_')/2 = (R + L)/2 + (E R + E L )/2 

Formula 7 B = (R'-L')/2 = (R-L)/2 + (E R -E L )/2 

20 As a result of auditory experiment, it was confirmed that a noise level of signal A is extremely low, and that 
of signal B extremely high. 

Therefore, when E R + El^O, 

Formula 8 E R M-E L 

25 

And from (Formula 6), (Formula 7) and (Formula 8), the following formula is obtained: 

Formula 9 A=(R + L)/2 

30 Formula 1 0 B=(R-L)/2-E L =(R-L)/2 + E R 

Succeedingly, by suppressing noises in the state of (Formula 10), (E L \ E R '), A + B and A - B are 
obtained. 

35 Formula 11 A + B = (R + L)/2 + (R-L)/2-E L ' 
= R-E L ' = R + E R ' 

Formula 12 A-B = (R + L)/2-((R-L)/2-E L t ) 
= L + E L ' 

40 

In (Formula 11) and (Formula 12), noises are reduced comparing with (Formula 4) and (Formula 5). 
Now, the noise suppression is described in detail. 

When signals and noises after the noise suppression are referred to by R s , L s , E RS , E LS , respectively, in 
correspondence with the signals R, L and noises E R , E L , (Formula 7) is transformed into the following 
45 formula (Formula 13), after it is subjected to the noise suppression. 

Formula 13 B' = (R s -L s )/2 + (E RS -E LS )/2 

Succeedingly, A + B' and A - B' are obtained. 

50 

Formula 14 A + B' = (R + R s )/2 + (L-L s )/2 
+ (E R +E RS +E u -E LS )/2 

Formula 1 5 A-B' = (R-R s )/2 + (L + L s )/2 
55 +(E R -E RS + E L + E us )/2 

When E R = -E L ; 

R s = R - R SD (R S d: Error cancelled); and 
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L s = L - L S d (L-sd: Error cancelled), 

Formula 16 A + B' = R-R SD /2 + L S[ >/2 + (Ers-Els)/2 
= R + (L SD -R SD )/2 + (E RS -E LS )/2 

5 

Formula 1 7 A-B' = L-(L sd -Rsd)/2-(Er S -E ls )/2 

Then, R and L channel signals are independently subjected to the noise suppression. 
w Formula 18 R s ' = R-Rsd' + E RS ' 
Formula 19 L s ' = L-L S d' + E LS ' 

By comparing between (Formula 16), (Formula 18), (Formula 17) and (Formula 19), effects of the noise 
75 suppression are considered. 

It is predicted that differences of suppression error (L S d - Rsd)/2, R S d, and L SD , can be correlated as in a 
formula below. 

Formula 20 KLsd-RsdV^IRsd'MLsdI 

20 

Formula 21 v|L-R|<|L|,|R| 

(Generaily, the formula is true, if any in-phase component is present in L and R.) 

It is appreciated that the left term is reduced than in the case of the clamping coefficient 0 = 50% (Formula 
25 21). Therefore, the effects of signal components are reduced. 

Next, residual noise components of (Formula 16), (Formula 18), (Formula 17) and (Formula 19) are 
considered. Although it is predicted that (E RS - E LS )/2, E RS , and E LS , are correlated as: 

Formula 22 (Ers-ElsJ^Ers'.Els* 

30 

because effects on signal components are reduced than in the case of (Formula 20), the noise suppression 
level can be set at a higher level. 

Additionally, from (Formula 7), since the component of (E R - E L ) is higher than E R and E L , the noise 
component is more easily identified. Thus, when L and R are compared, many components included in the 
35 noise have phases opposite to each other. For example, by comparing (Formula 6) with (Formula 7), the 
noise component can be identified. Generally, |R + L| < |R - L| (when an antiphase component is absent), 
in the case a lot of noises are included, it comes to be as: 

Formula 23 |A|<|B| 

40 

Therefore, by obtaining L* - R\ noises with antiphase components can be identified, the noise 
suppression can be effectively achieved, and effects of the noise suppression by L' - R' on the original 
signal is reduced. 

Now, operation of the noise suppressor according to the fifth embodiment is described. 
45 Firstly, a stereo signal received by the FM receiving unit 9 is separated to R and L signals, and 
outputted to the analog-to-digital converter 11. In the analog-to-digital converter 11, R and L signals are 
converted to a digital signal, respectively, and inputted to the signal mixing unit 2. Here, it is assumed that 
the R and L signals include noise components having an absolute value approximately equal and phases 
opposite to each other. 

50 Then, the R and L signals are summed in the adder 23, the noise components are consequently offset 
by each other, and a sum signal (R + L) is produced. After that, the sum signal (R + L) is subjected to a 
fast Hartley transduction by the FHT 25 for easier processing of a noise pattern. On the other hand, 
subtraction between the R and L signals is executed in the subtracter 24, the noise components are 
approximately doubled as a result, and a difference signal (R - L) with two times the noise components is 

55 produced. Then, the difference signal (R - L) with two times the noise components is subjected to a fast 
Hartley transduction by the FHT 26. Here, H(k) that is an output of the FHT is calculated by using a formula 
(Formula 24) below. 
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Formula 24 



5 



N-1 



H(k) 



= E x (n) • c a s (27rk/N) 

ne ° (k-0,1, ,-N-f) 

cas(0) = cos(0) + sin(0) 



w 



Succeedingly, the sum signal (R + L) is inputted to the signal separating means 4, as the noise is 
already removed. On the other hand, the difference signal (R - L) with two times the noise components is 

75 inputted to the noise canceling means 3 to suppress or remove the noise components. 

Meanwhile, the noise canceler control means 6 outputs a parameter to the noise canceling means 3 
according to field information (it may simply be an input signal level) of a received signal detected by the 
field information detector 10. Moreover, a noise pattern corresponding to the field information is read from 
the noise memory 5 by the noise canceling means 3. The parameter serves for changing a subtraction rate 

20 according to the field information to minimize effects of the subtraction on the signal, and allow the noise 
components to be suppressed, in the case the noise pattern is subtracted from the noise components 
included in the difference signal, for example. Furthermore, assuming the parameter is a canceling 
coefficient a for a parameter multiplied by the noise pattern, and the field information an antenna input level, 
the value of canceling coefficient a is increased, when the antenna input level is relatively high, and the 

25 value of canceling coefficient a is reduced on the contrary, when the antenna input level is relatively low. 

For example, by obtaining and storing in the noise memory 5 noise patterns corresponding to input 
signal levels as shown in Figs. 6(a), (b) and (c), a noise pattern corresponding to an input signal level 
detected can be obtained from the noise patterns in the memory by means of interpolation or the like. 

The difference signal (R - L)' (as the signal is somewhat transformed by the noise canceling means 3, it 

30 is now expressed as (R - L) f ) with noise components suppressed in such manner is inputted to the signal 
separating means 4. In the signal separating means 4, the sum signal (R + L) and difference signal (R - L)* 
are summed by the adder 43, and a resultant signal is, then, subjected to an inverted Hartley transduction 
by the IFHT 45, while subtraction between the sum signal (R + L) and difference signal (R - L)' is executed 
simultaneously by the subtracter 44, and a resultant signal is subjected, then, to an inverted Hartley 

35 transduction by the IFHT 46, as a result, an R f signal corresponding to the R signal is outputted from the 
IFHT 45, and an L 1 signal corresponding to the L signal from the IFHT 46. The R" and L' signals are 
converted to an analog signal, respectively, by the digital-to-analog converter 1 2. 

Although the fifth embodiment is arranged such that the fast Hartley transduction process is executed 
after the signal mixing in the signal mixing unit 2, it may be arranged so that the fast Hartley transduction 

40 process is executed, on the contrary, before the signal mixing. 

In addition, although the fifth embodiment is constructed so that the inverted fast Hartley transduction 
process is executed after the signal separation in the signal separating means 42, it may be such that the 
inverted fast Hartley transduction process is conducted before the signal separation, contrarily. 



Also, in the fifth embodiment, although the noise canceling means 3 i provided only in the difference 



45 signal system, it is not limited thereto, and may be placed in the sum signal system as well. 

Moreover, although the fifth embodiment utilizes input signal levels as the field information, and is 
arranged such that noise components in relation to the input signal levels are suppressed or removed, it is 
not limited thereto, and can be designed such that a multipass is used as the field information, and noise 
components caused by the multipass is suppressed or removed. In such case, noise patterns in relation to 

50 multipasses can be employed as the noise patterns. 

Furthermore, in the fifth embodiment, although the difference signal (R - L) is always subjected to the 
noise canceling, alternatively, as shown in Fig. 15, for example, a value |R + L| of the sum signal (R + L) 
may be compared with a value |R - L| of the difference signal (R - L), and the difference signal (R - L) is 
subjected to the noise cancellation (step S2), consequently, when the value of difference signal (R - L)is 

55 higher than the other, while the sum signal (R + L) is multiplied by a predetermined constant, 0.5, for 
example, when the value of sum signal (R + L) is higher, and the value k x |R + L| is compared with that of 
|R - L| (step S3). As a result of the comparison, the difference signal (R - L) is increased, or the sum signal 
(R + L)is subjected to the noise cancellation (step S4), if the value k x |R + L| is higher, while the 
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multiplied value is left as it is, if the value k x |R + L| is lower, on the contrary. 

Fig. 7 is a block diagram of noise suppressor according to a sixth embodiment of the invention. The 
noise suppressor of the embodiment is provided, for example, between the output of signal separating 
means 4 and input of digital-to-analog converter 12 of Fig. 5 for one or both signals. 

5 In Fig. 7, the noise suppressor is provided with signal noise canceling means 13 for suppressing or 

removing noise components in a signal input from the signal separating means and a mixer 15 for mixing 
an output of the signal noise canceling means 13 and the signal input from the signal separating means. 
The signal noise canceling means 13 is connected to noise generating means 14 for generating a noise 
according to field information, and the mixer changes the mixing ratio between the two signals according to 

io the field information. 

Here, the field information is a multipass, and a noise component in thee signal output from the signal 
separating means is suppressed by outputting a noise pattern from the noise generating means 14 to the 
signal noise canceling means 13 according to the multipass. The noise generating means 14 is, for 
example, a noise memory storing noise patterns in relation to multipasses. The mixer 15 mixes the signal 
75 from the signal separating means and a signal with its noise component suppressed at the mixing ratio 
according to the multipass. Regarding the mixing ratio, the ratio of noise-suppressed signal is increased in 
an area with a higher intensity of multipass, and the ratio of signal from the signal separating means is 
increased in an area with a lower intensity of multipass. 

Fig. 8 is a block diagram of noise suppressor according to a seventh embodiment of the invention. In 
20 the embodiment, a noise memory consists of a static characteristic noise memory 51 storing noise patterns 
of static noises and a multipass noise memory 52 storing patterns of noises caused by a multipass/and 
suppression of noise components by noise canceling means 3 is executed according to a receiving 
condition (antenna input level, in this case) detected by receiving condition detecting means 8 in such 
manner that the static characteristic noise memory 51 is selected by noise selecting means 50, if an 
25 antenna input level is low, while the multipass noise memory 52 is selected, if the antenna input level is 
high, and the noise patterns in the noise memory selected are utilized for the suppression. A reference of 
the antenna input level is approximately 30 dBu , for example, in the case of an FM receiver. Principal 
functions are similar to those described above. 

Fig. 9 is a block diagram of noise suppressor according to an eighth embodiment of the invention. In 
30 the embodiment, a noise memory comprises a monaural noise memory 53 storing noise patterns of noise 
components contained in an (L + R) signal, a stereo noise memory 54 storing noise patterns of noise 
components in an (L - R) signal and a multipass noise memory 55 storing patterns of noises caused by a 
multipass. In addition, noise canceling means 3 is provided in either systems for R and L signals outputted 
from a stereo demodulator (not shown) of an FM receiving unit 9. Suppression of noise components by the 
35 noise canceling means 3 is conducted by switching between the noise memories according to field 
information (antenna input level, in this embodiment) detected by a field information detector 10 to select an 
optimum noise pattern by memory switching means 60. The switching condition is such that the monaural 
noise memory 53 is selected, if a stereo pilot signal output from the stereo demodulator is absent (that is, 
resulting in a monaural signal), or the antenna input level is low; the stereo noise memory 54 is selected, if 
40 the stereo pilot signal outputjs present, and 19 kHz and 38 kHz signals are not included in the antenna 
input, and the multipass noise memory 55 is selected, if the stereo pilot signal output is present, and 19 
kHz and 38 kHz signals are included in the antenna input. 

Fig. 10 is a block diagram of noise suppressor according to a ninth embodiment of the invention. In the 
embodiment, a receiving condition (intermediate frequency signal level, in this case) is detected from an 
45 intermediate frequency signal of an FM receiving unit 19 by intermediate frequency level detecting means 
91, and a stereo pilot signal (19 kHz component and a double frequency component) from the intermediate 
frequency signal is detected by pilot signal detecting means 92. The level of intermediate frequency signal 
(IF) and the stereo pilot signal (SP) detected are determined for a signal condition by signal determiner 93, 
and inputted to noise canceler control means 6. The noise canceler control means 6 outputs a parameter to 
so noise canceling means 3, according to a result of the determination. As shown in Fig. 1 1, the noise canceler 
control means 6 sets one of parameters, that is, a canceling coefficient a to low to intermediate, if the 
determination result of the signal determiner 93 indicates that the level of intermediate frequency signal (IF) 
is high, and the stereo pilot signal (SP) is low (Fig. 11 -A), intermediate, if the IF level is high, and the SP 
signal is high (Fig. 11-B), low, if the IF level is low, and the SP signal is low (Fig. 11-C), and high, if the IF 
55 level is low, and the SP signal is high (Fig. 11-D). 

Fig. 12 is a block diagram of noise suppressor according to a tenth embodiment of the invention. The 
embodiment is for removing noises that enter in a course of a signal transmission system, when a signal is 
transmitted through a signal transmission system for a relatively long distance. In Fig. 11, signal transmitting 

11 



BNSDOCID: <EP 0629054A2_I_> 




EP 0 629 054 A2 



means 101 for transmitting a signal to a signal transmission system 102 is provided with phase inverting 
means 105 for inverting the phase of a signal, and a signal S and an inverted signal (-S) are transmitted. 

When a noise N enters the signal S and inverted signal (-S) in a course of transmission through the 
signal transmission system 102, assuming that conditions of configuration and the like of transmission lines 
5 of the signal transmission system 102 are approximately identical, the signals transmitted come to be (S + 
N) and (-S + N). 

The signals (S + N) and (-S + N) are summed to make 1/2. Then, the signal S and inverted signal (-S) 
are offset by each other, and only a noise N is outputted. in noise canceling means 104, subtraction 
between the signal (S + N) and noise N from noise mixing means 103 is executed, the noise N is removed, 
10 and only the signal S is outputted, as a result. 

Incidentally, although the tenth embodiment is such that the noise canceling means 104 subtracts the 
noise N outputted by the noise mixing means from the signal (S + N), it may be alternatively arranged to 
subtract the signal (-S + N) from the noise N. 

Fig, 13 is a block diagram of noise suppressor according to a eleventh embodiment of the invention. In 
is the embodiment, tuning of receiver means 7 is automatically controlled by tuning control means 121, and a 
detuning level at that time is detected by detuning level detecting means 122. In predictive noise controller 
123 and noise generator 124, a noise pattern corresponding to the detuning is generated, and outputted to 
noise canceling means 3, according to the detuning level detected. In response, the noise canceling means 
3 suppresses noise components caused by the detuning. Thus, although the noise level is higher, when the 
20 detuning level is higher, the noises caused by the detuning can be suppressed. The detuning level may be 
also detected by using a tuning control signal of a synthesizer tuning control. 

Fig. 14 is a block diagram of noise suppressor according to a twelfth embodiment of the invention. The 
embodiment shown is provided with a TV receiver 131 as receiving means. A ghost is detected in a video 
signal of the TV receiver 131 by ghost detecting means 132, and a noise pattern in relation to a multipass is 
25 developed by predictive noise controller 133 and noise generator 134, according to the ghost detected (a 
ghost in a TV set is caused by a multipass). Noise canceling means 3 is provided for audio signals of the 
TV receiver 131, and suppresses noise components in relation to a multipass contained in an audio signal, 
according to a noise pattern outputted by the noise generator 134. 

Fig., 16 is a drawing illustrating a structure of the noise canceling means 3 used in the embodiment 
30 above that is designed for dividing a signal into bands, and suppressing or removing noises. 

In Fig. 16, a signal containing noise components (a noise caused by a multipass, in this case) is divided 
into a plurality (four, in the example) of frequency bands, and the signals divided are inputted to a spectral 
subtraction 162 that is a type of noise canceling means provided for each of the frequency bands, 
respectively. 

35 On the other hand, a multipass detected by means of multipass detecting means or the like is supplied 
to noise canceier control means 163, and the noise canceler control means 163 controls the spectral 
subtraction 162 so that noises caused by the multipass is suppressed. The control effects, for example, to a 
canceling coefficient a and clamping coefficient jS of a parameter in the spectral subtraction 162. In addition, 
noise patterns in relation to multipasses stored in a noise memory, although not shown, is used for 

40 suppression of noises. 

Incidentally, in the embodiment, although the spectral subtraction is taken as an example of the noise 
canceling means 3, it is not limited thereto, and an adaptive filter, bandpass filter, muting method and the 
like may be used. 

As clearly shown in the description above, because the invention comprises sum signal generating 
45 means for summing signals, difference signal generating means for differencing signals detected and noise 
canceling means for suppressing or removing noise components contained in the difference signal that is 
generated by the difference signal generating means, it is an advantage that a sufficient noise suppressing 
effect is obtained, even when the noise component is low. 

In addition, since the invention comprises signal mixing means for mixing a signal and an inverted 
so signal transmitted by a signal transmission system and noise canceling means for suppressing or removing 
noises entering in the signal transmission system, according to the mixed signal and the signal or inverted 
signal, it is an advantage that noises transmitted through the signal transmission system can be removed. 

Further referring to other drawings, a description will be made of a noise suppressing apparatus 
according to preferred embodiments of another present invention. 
55 Fig. 18 schematically shows an arrangement of a noise suppressing apparatus according to a first 

embodiment of the present invention. In this first noise suppressing apparatus, a recording/reproducing 
means 1 for recording/reproducing either data, or a signal is provided, and a noise canceling means 202 is 
connected to the output terminal of this recording/reproducing means 201 . This noise canceling means 202 
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suppresses, or removes a noise component contained in a signal to be reproduced. To the noise canceling 
means 202, a noise memory 203 for storing therein a noise pattern suitable to suppress, or remove the 
noise component is connected. 

As examples of the above-described recording/reproducing means 201, there are a video disk, a video 

5 movie, an analog audio deck, a CD (compact disk) player, a DAT (digital audio tape) deck, a semiconductor 
recorder, and the like. Also, for instance, an adaptive filter, a bandpass filter, muting t spectrum subtraction 
and so on may be applied as the noise canceling means 202. Further, it should be noted that various noise 
patterns such as noise and tape hiss noise specific to the respective devices employed in the record- 
• ing/reproducing means 201 are graphically processed as the noise pattern. 

70 Then, an operation of the noise suppressing apparatus according to the first embodiment of the present 
invention will now be explained. 

First, it should be understood that the noise patterns most suitable to such noise that is produced from 
a recording medium, e.g., a magnetic tape on which a signal has been recorded, when the signal is 
reproduced by the recording /reproducing means 201, are previously stored into the noise memory 203. 

75 This noise corresponds to noise contained in the recorded signal, and noise produced from the record- 
ing/reproducing means 201 during the reproducing operation, or any one of these noise. 

When the signal is reproduced by the recording/reproducing means 201, the noise component 
contained in this reproduced signal may be removed based upon the noise pattern previously stored in the 
noise memory 203 by the noise canceling means 202. The method for removing this noise component from 

20 the reproduced signal may be realized by, for example, subtracting the most suitable noise pattern from the 
reproduced signal. 

Based upon the noise removing method, the noise canceling process can be performed by suppressing 
deterioration of the signal. 

Fig. 19 schematically indicates an arrangement of a noise suppressing apparatus according to a second 

25 embodiment of the present invention. A different structural point from the first embodiment shown in Fig. 18 
is such that a reproduction level detecting means 204 for detecting a level of a signal reproduced by the 
recording/reproducing means 201 is newly employed, and also a noise cancel controlling means 205 for 
outputting a parameter to the noise canceling means 202 in response to the detection result of this 
reproduction level detecting means 204, is newly employed. The remaining arrangements of the second 

30 noise suppressing apparatus are similar to those of the first noise suppressing apparatus shown in Fig. 18. 
In the noise canceling means 202, when the noise component contained in the signal is suppressed, or 
removed, both the noise pattern stored in the noise memory 203 and the parameter outputted from the 
noise cancel controlling means 205 are utilized. 

Next, a description will now be made that the noise component processing method of the noise 

35 canceling method effected according to the second embodiment is carried out as a spectrum subtracting 
method. It should be noted that the subtraction process of the noise pattern is performed for each 
frequency component having predetermined frequency band. Although now shown in detail in this Fig. 2, 
the following signal process operation is executed in order to easily perform the noise canceling process in 
this spectrum subtraction method. That is, the reproduced signal is converted by an A/D converter into the 

40 corresponding digital signal, and this digital signal is further converted by a fast hartley transformer (FHT) to 
obtain a fast-hartley-transformed signal. After the noise cancellation, this fast-hartley-transformed signal is 
processed by an inverse fast hartley transformer (IFHT), and thereafter, the resultant transformed signal is 
converted by a D/A converter into an analog signal. 

After the reproduced signal has been converted into the corresponding digital signal, this digital signal 

45 is processed by the fast hartley transformer (FHT) (formula 25). 



Formula 25 



50 



N-1 




55 



cas( Q ) = cos( 6 ) + sin( 6 ) 
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Then as described above by using Fig. 17, Power spectrum |X(k)| 2 of this fast-hartley-transformed 
output H(k) is calculated. 

Succeedingly, as described above by using above mentioned formula (Formula 1) , a square root of the 
power spectrum obtained is calculated. 

5 Then, as described above according to the value calculated and a noise pattern |W(k)| outputted from 

noise memory 203 , a noise spectrum is subtracted by using the above mentioned formula (Formula 3). 

To be converted into the analog signal, the subtraction result S(k) is sent to the inverse fast hartley 
transformer (IFHT) so as to perform the inverse fast hartley transformation. 

The cancel coefficient and clamp coefficient correspond to the above-described parameter. It may be 

70 arranged to control both of these coefficients, otherwise to control any one of them. 

Fig. 20 is a schematic block diagram for showing an arrangement of a noise suppressing apparatus 
according to a third embodiment of the present invention. In the noise suppressing apparatus according to 
this third embodiment, there is provided a noise acquiring apparatus 240 for acquiring a noise component 
produced during the signal reproducing operation by the recording/reproducing means 201 , and the 

75 acquired noise data are stored in the noise memory 203. On the other hand, a noise component contained 
in the reproduced signal is suppressed, or removed based upon the noise data stored in the noise memory 
203 during the signal reproducing operation by the recording/reproducing means 201 . With the above- 
described circuit arrangement, the noise components mixed into the recording signal can be suppressed, or 
removed during the recording operation under optimum conditions. 

20 Fig. 21 is a schematic block diagram for representing an arrangement of a noise suppressing apparatus 

according to a fourth embodiment of the present invention. In the fourth noise suppressing apparatus, a no- 
signal-condition detecting means 206 is employed so as to detect whether or not no signal condition occurs 
when the signal is reproduced by the recording/reproducing means 201, and then either a data read (R) 
instruction, or a data write (W) instruction is issued to the noise memory 203 in response to the detection 

25 result. That is, when the no signal condition is detected, the data appearing at this time may be recognized 
as the noise component, so that the data write instruction is issued to the noise memory 203. While the no 
signal condition is not detected, namely while the reproduced signal is outputted, the data read instruction 
is issued to read out the data written into the noise memory 203. Then, based on the read noise data, the 
noise component contained in the reproduced signal is suppressed, or removed by the noise canceling 

30 means 202. It should be understood that although the noise data read instruction is issued while the no 
signal condition is not detected in above description, after the no signal condition was once detected and 
the noise data has been written into the noise memory 203, the noise component may be suppressed, or 
removed by utilizing this noise data written into the noise memory also in case of such a no signal 
condition. By way of the above-explained method, the noise component produced during the signal 

35 reproducing operation ca be suppressed, or removed under optimum conditions. 

It should also be noted that although the detection of the no signal condition by the no-signal-condition 
detecting means 206 has been continuously carried out in the above-explained fourth embodiment, the 
below-mentioned alternative method may be utilized. That is, a noise pattern storage mode for storing the 
noise pattern during the no signal condition is provided. Only when this noise pattern storage mode is 

40 selected, the detection of the no signal condition by thee no-signal-condition detecting means 206 may be 
carried out. 

Fig. 22 schematically represents an arrangement of a noise suppressing apparatus according to a fifth 
embodiment of the present invention. In this fifth noise suppressing apparatus, an amplifying means 208 for 
amplifying a signal used in an FM receiver and an audio deck is employed instead of the above-described 

45 recording/reproducing means 201 of the noise suppressing apparatus, and an amplification controlling 
means 209 is employed so as to control the amplification of this amplifying means 208. In addition, a cancel 
controlling means 210 is provided by which the noise canceling ratio is controlled in accordance with the 
amplification information supplied from the amplification controlling means 209, Then, the noise canceling 
means 202 suppressed, or removes the noise component contained in the amplified signal based on this 

so controlled noise canceling rate. This cancel controlling means 210 employs, for instance, a noise memory 
for storing the noise pattern, and may control the noise canceling rate by multiplying this noise pattern by a 
coefficient, and further may set this coefficient in correspondence with the magnitudes of this amplification. 
In other words, when the amplification becomes large, the coefficient is set to a large value, whereas when 
the amplification becomes small, the coefficient is set to a small value. 

55 Fig. 23 schematically indicates an arrangement of a noise suppressing apparatus according to a sixth 

embodiment of the present invention. In the sixth noise suppressing apparatus, a receiving means 211 for 
receiving, for example, an FM broadcasting signal is employed other than the recording/reproducing means 
201, as previously explained in the first embodiment, and also an input switching means 212 for switching 

! 
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the FM broadcasting signal and the reproduced signal is provided. A noise suppression signal processing 
means 213 is connected to the output of this input switching means 212, by which the noise suppression is 
carried out in case of the received signal, whereas the digital sound process is carried out in case of the 
reproduced signal. Then, the process operations by the input switching means 212 and the noise 

5 suppression signal processing means 213 are switched by an input mode switching means 214. 

In accordance with the above-described method, the noise suppression is performed when the 
reception signal having a relatively large amount of noise is received, whereas the signal process is 
performed during the signal recording/reproducing operations containing a relatively small amount of noise. 
Fig. 24 is a schematic block diagram for indicating an arrangement of a noise suppressing apparatus 

70 according to a seventh embodiment of the present invention. In the seventh noise suppressing apparatus, 
there are provided a sound collecting means 215 such as a microphone for collecting a voice and the like 
'and converting the collected voice into an electric signal, and a wind information detecting means 216 for 
detecting a physical amount related to wind such as a wind stream, a wind flowing rate, and wind pressure 
when the sounds are collected. As a consequence, a noise component mixed into a signal, which is caused 

75 by adverse influences of wind during the sound collection, can be suppressed, or removed. For instance, a 
Pitot tube may be employed the wind information detecting means 216. It should be noted that for instance, 
data indicative of a relationship between the wind stream and the noise is previously stored as a memory 
table in this noise memory 203. 

First, when the sounds are collected by the sound collecting means 215, for instance a wind stream is 

20 detected by the wind information detecting means 216. Subsequently, the noise data corresponding to this 
detected wind stream is read out from the noise memory 203 based upon the detected wind stream, and 
then noise used to suppress, or remove the noise component is generated from the noise generating 
means 217 in response to the read noise data. Thereafter, the noise canceling means 202 suppresses, or 
removed the noise component caused by the adverse influence by the wind and contained in the 

25 collected/converted electric signal based on the output from the noise generating means 217. In accordance 
with such a method, the noise produced by the adverse influences by the wind occurred during the sound 
collection can be suppressed, or removed under optimum conditions. 

Fig. 25 schematically indicates an arrangement of a noise suppressing apparatus according to an eighth 
: embodiment of the present invention. This eighth noise suppressing apparatus may suppress, or remove 

30 switching noise occurred when an output signal in an antenna (space) diversity reception system is 
switched. There are employed a first receiving means 221 and a second receiving means, which receive a 
signal wave at the same time, and also a switching means 224 for switching the output signals derived from 
. the first and second receiving means 221 and 222. Further, a switching operation judging means 223 is 
employed so as to judge the switching operation in response to the output signal from the first receiving 

35 means 221 and the output signal from the second receiving means 222, and a switching operation control 
means 225 is provided in order to control the switching means 224 based upon the judgement result of the 
switching operation judging means 223. Moreover, a noise generating means 217 is employed to generate 
such a noise corresponding to the noise occurred during the switching operation based on the switching 
operation judgement result. Within this noise generating means 217, for instance, a noise memory is 

40 provided into which noise patterns corresponding to the noise produced, depending upon the switching 
conditions, are previously stored. 

In accordance with the above-described method, the noise components produced when the reception 
signals are switched can be suppressed, or removed. In particular, the great effects may be expected in the 
noise suppression or removing operation if the switching judgement is fluctuated near the threshold values. 

45 In Fig. 26, there is shown an arrangement of a noise suppressing apparatus according to a ninth 
embodiment of the present invention. In the eighth noise suppressing apparatus, a signal processing means 

218 for processing a signal derived from a receiver, an amplifier, an oscillator, a modulator, a detector, a 
demodulator, and so on is provided, and this signal processing means 218 is powered by a power supply 

219 such as a battery. Also, a power-supply-voltage detecting means 220 is provided to detect the supply 
so voltage of the power supply 219, and a noise memory 203 for storing noise patterns produced by the 

supply voltages of the power supply 219 and the influences thereof. 

Generally speaking, when the supply voltage is lowered, the signal processing circuit such as a 
receiver, an amplifier, and an oscillator may readily produce noise. Therefore, in accordance with the eighth 
noise suppressing apparatus, lowering of the supply voltage is detected by the power-supply-voltage 
55 detecting means 220, the noise pattern stored in the noise memory 203 is read out in response to the 
detection result, and then noise used to cancel the above-explained noise caused by the influence by the 
power supply voltage is generated from the noise generating means 217. Base upon this noise generated 
from the noise generating means 217, the noise canceling means 202 suppress, or removes the noise 
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component contained in the signal outputted from the signal processing means 218. 

As previously described, the noise which is caused due to lowering of the power supply voltage may be 

suppressed, or removed under optimum conditions. 

Although the above description has been made of such a noise suppression, or elimination when the 
5 noise is produced due to the influences caused by lowering of the supply voltage, this ninth embodiment is 

not limited thereto, but may be applied to other cases, that for instance, when the supply voltage is 

increased, the above-described noise suppression is performed. 

Fig. 27 is a schematic btock diagram for showing an arrangement of a noise suppressing apparatus 

according to a tenth embodiment of the present invention. This tenth noise suppressing apparatus may 
io suppress, or eliminate noise mixed into a signal derived from a signal processing means 218, which is 

caused by interference signal waves produced from a noise generating source 226 of an automobile which 

builds in this signal processing means 218. As this noise generating source 226, there are an engine of an 

automobile, a motor, and a vibration machine. A noise-generating-information detecting means 227 is 

provided in the tenth noise suppressing apparatus, by which the rotational frequency, or the vibration 
75 frequency of the noise generating source 226 is detected. The noise patterns corresponding to the noise 

produced in accordance with the rotational frequency, or the vibration frequency of the noise generating 

source 226, have been previously stored in the noise memory 203. 

Assuming now that, for instance, the engine of the automobile is under revolution, the noise pattern 

suitable for the detection result (revolution number of engine) derived from the noise-generating-information 
20 detecting means 227 is read out from the noise memory 203. Based on the read noise pattern, the noise 

generating means 217 generates such a noise used to suppress, or remove the noise component. Then, the 

noise canceling means 202 will suppress, or remove the noise components caused by the interference 

signal waves contained in the signals outputted from the signal processing means 218 based on the 

generated noise. 

25 In accordance with the above-described method, the noise components mixed into the signals due to 
the adverse influences by the noise generating source 226 can be suppressed, or removed under optimum 
conditions. 

It should be noted that although the rotational frequency, or the vibration frequency has been utilized as 
the physical amount related to the noise generation in the above-explained tenth embodiment, this tenth 

30 embodiment is not limited thereto, but may be applied to, for instance, when a reciprocating drive unit is 
employed, a reciprocative period may be employed as this physical amount. 

Fig. 28 schematically indicates an arrangement of a noise suppressing apparatus according to an 
eleventh embodiment of the present invention. In this eleventh noise suppressing apparatus, a signal stop 
controlling apparatus 228 is provided so as to control stopping of only a signal processed by the signal 

35 processing means 218. This signal stop controlling means 228 may be arranged in such a manner that, for 
instance, a signal stop mode is selectable. 

First, upon selection of this signal stop mode, the signal stop controlling means 228 issues such an 
instruction that only the signal processing operation of the signal processing means 218 is stopped, and at 
the same time, the signal component (namely, noise component since normal signal) outputted from the 

40 signal processing means 218 is written into the noise memory 203. Next, when this signal stop mode is 
released, the signal processing operation by the signal processing means 218 is restarted under control of 
the signal stop controlling means 228, so that the signal is outputted from the signal processing means 218. 
At the same time, a read instruction is given to the noise memory 203. As a result, the noise is generated 
from the noise generating means 217 in response to the noise data stored in the noise memory 203, and 

45 then the noise canceling means 202 suppresses, or remove the noise component contained in the signal 
based on the noise generated from the noise generating means 217. 

As previously explained, in accordance with the eleventh noise suppressing method similar to the fourth 
noise suppressing method, such a noise contained in the signal can be suppressed, or removed under 
optimum conditions by storing the noise obtained when no signal is present and by utilizing this stored 

so noise. 

It should also be noted that although the above-explained eleventh noise suppressing apparatus has 
been arranged to select the signal stop mode, the eleventh embodiment is not limited thereto, but may be 
arranged in such a manner that, for example, the signal stop controlling means 228 may be automatically 
operated for a predetermined time period at the beginning of the audio tape reproducing operation. 
55 Fig. 29 schematically represents an arrangement of a noise suppressing apparatus according to a 

twelfth embodiment of the present invention. In the twelfth noise suppressing apparatus, there is employed 
a noise period detecting means 229 having a similar function to that of the above-explained no-signal- 
condition detecting means 206 employed in the fourth embodiment shown in Fig. 21. Furthermore, a noise 
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comparing means 230 is provided. When the noise period (namely, no signal period) is detected by the 
noise period detecting means 229, the noise data obtained when this noise period is detected, is compared 
with the noise data stored in the noise memory 203 by this noise comparing means 230. 

A different operation of this twelfth noise suppressing apparatus from that of the fourth noise 

5 suppressing apparatus is as follows: The past noise data stored in the noise memory 203 is compared with 
the present noise data. As a comparison result, for instance, when a comparison difference becomes 
greater than a certain time, the past noise data stored in the noise memory 203 is updated by the present 
noise data. The subsequent basic operation of this twelfth noise suppressing apparatus is similar to that of 
the previous noise suppressing apparatus. That is, the noise component contained in the signal may be 

w suppressed, or removed based upon the noise data stored in the noise memory 203. It should be 
understood that although the suppression, or elimination of such a noise component is carried out while the 
noise period is not detected, alternatively the noise suppression, or elimination may be executed even when 
the noise period is detected if a difference between the past noise data and the present noise data is small. 
As explained above, since the noise data used to suppress, or remove the noise component is updated 

75 every time the comparison results are changed, the noise component can be suppressed, or removed 
under optimum condition even when the noise component is varied in connection with the variations in the 
processed signals. 

Fig. 30 schematically indicates an arrangement of a noise suppressing apparatus according to a 
thirteenth embodiment of the present invention. The thirteenth noise suppressing apparatus is arranged by 

20 a signal processing means 231 for processing a signal containing a side-band signal wave; a side-band 
signal wave detecting means 232 for detecting the side-band signal wave contained in this signal; and a 
limiter 232a for removing noise contained in the signal detected by the side-band signal wave detecting 
means 232. This thirteenth noise apparatus further includes a side-band signal wave memory 235 for 
storing data about the side-band signal wave which has passed through the limiter 232a; a side-band signal 

25 wave spectrum generating means 236 for outputting a side-band signal wave spectrum in response to the 
side-band signal wave data stored in the side-band signal wave memory 235; a noise detecting means 233 
for detecting noise outputted from the side-band signal wave detecting means 232; and a noise memory 
237 for storing noise data detected by the noise detecting means 233. Moreover, this noise suppressing 
apparatus is constructed of a noise spectrum generating means for outputting noise spectrum based upon 

30 - the noise data stored in the noise memory 237; and a noise side-band signal wave canceling means 234 for 
suppressing, or removing both the side-band signal wave and the noise component, which are contained in 
the signal processed by the signal processing means 231. This noise side-band signal wave canceling 
means 234 may suppress, or remove both the side-band signal wave and the noise component, which are 
contained in the signal, based on the side-band signal wave spectrum outputted from the side-band signal 

35 wave spectrum generating means 236, and also the noise spectrum outputted from the noise spectrum 
generating means 238. As a result, only a high C/N carrier signal is outputted from the side-band signal 
wave canceling means 234. 

As represented in Fig. 231 A, a spectrum of a signal (Fig. 30A) processed by the signal processing 
means 231 is such that the side-band signal waves are present on both sides of the carrier signal, and the 

40 noise components are, contained in the entire signal band. A spectrum of a signal (Fig. 30B) outputted from 
the side-band signal wave detecting means 232 is such that, as represented in Fig. 31 B, the carrier signal 
has been removed from the signal components shown in Fig. 31 A, and accordingly, only the side-band 
signal wave and the noise component are left. A spectrum of a signal (Fig. 30C) outputted from the noise 
detecting means 233 is such that, as indicated in Fig. 31 C, the side-band signal wave has been furthermore 

45 removed from the signal component shown in Fig. 31 B, and thus, only the noise component remains. 

As described above, in accordance with the thirteenth noise suppressing apparatus, both the side-band 
signal wave and the noise are once extracted from the signal, and these side-band signal wave and noise 
are removed from the original signal, so that the high C/N carrier signal can be derived. 

Although the spectrum subtraction method has been employed in the noise canceling means 202 in the 

so above-described embodiment, only other methods may be alternatively utilized, such as an adaptive filter, a 
bandpass filter, and a muting method. 

As apparent from the foregoing descriptions, the noise suppressing apparatus according to the present 
invention owns the following various advantages. That is, the high frequency characteristic of the signal from 
which the noise component contained in this signal has been removed, involves substantially no deteriora- 

55 tion. The articulation of the noise-suppressed signal can be improved. Moreover, the noise produced during 
the noise suppression can be reduced. 
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Claims 

1. A noise suppressor for use in a signal transmission system of balanced type, comprising : 
signal detecting means for detecting signals on signal lines, 
5 sum signal generating means for summing signals detected by the signal delecting means, 

difference signal generating means for differencing the detected signals and 

difference signal canceling means for suppressing or removing the difference signal generated by 
the difference signal generating means. 

w 2. A noise suppressor for use in a signal transmission system of balanced type in relation to noise 
components, comprising: 

signal detecting means for detecting signals on signal lines, 

sum signal generating means for summing signals detected by the signal detecting means, 
difference signal generating means for differencing the detected signals, 
15 noise canceling means for suppressing or removing noise components contained in the difference 

signal that is generated by the difference signal generating means and 

signal separating means for separating signals corresponding to the signal lines according to the 

difference signal with the noise components suppressed or removed and said sum signal. 

20 3. A noise suppressor according to claim 2, comprising: 

a noise memory for storing noise patterns to be used in suppression or removal of the noise 
components by the noise canceling means. 

4. A noise suppressor according to claim 3, comprising 

25 a noise canceler control means for outputting parameters to be used in suppression or removal of 

the noise components by the noise canceling means. 

5. A noise suppressor according to claim 4, wherein 

the noise patterns in the noise memory are updated by the parameters. 

30 

6. A noise suppressor according to claim 4 or 5, comprising : 

receiver means for receiving signals to obtain the signals on said signal lines and 
receiving condition detecting means for detecting a receiving condition of the receiver means, 
wherein 

35 the noise canceler control means outputs the parameters according to the receiving condition 

detected by the receiving condition detecting means. 

7- A noise suppressor according to claim 6, wherein 

the receiving condition detecting means detects the level of a received signal, and 
40 the noise canceler control means outputs such parameter that reduces the noise pattern, when the 

detected level is relatively low. 

8. A noise suppressor according to claim 6, comprising : 

an analog-to-digital converter for converting an analog signal received by the receiver means to a 
45 digital signal and 

a digital-to-analog converter for converting a digital signal outputted by the signal separating means 
to an analog signal, wherein 

the suppression or removal of the noise components is achieved by a digital signal. 

so 9. A noise suppressor according to claim 6 or 8, wherein 

the receiver means is a receiver for receiving a stereo signal, and the signal detecting means 
detects L and R signals of the stereo signal. 

10. A noise suppressor according to claim 9, wherein 
55 (R - L) is subjected to the suppression or removal of a noise unless |R + L| > |R - L|, otherwise, (R 

+ L) is subjected to the suppression or removal of the noise, (R - L) is increased, or the suppression or 
removal of the noise is unexecuted. 
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11. A noise suppressor according to claim 6, 8 or 9, comprising: 

multipass detecting means for detecting a multipass from a signal received by the receiver means 

and 

signal noise canceling means for suppressing or removing noise components contained in output 
5 signals from the signal separating means, respectively, wherein 

the signal noise canceling means suppresses or removes the noise components according to the 
detected multipass. 

12. A noise suppressor according to claim 11, comprising: 

w a mixer for mixing an output signal of the signal noise canceling means and the signals according 

to the multipass , to provide an output. 

13. A noise suppressor according to claim 6, 8, 9 or 11, wherein 

the noise canceling means comprises band dividing means for dividing a signal to predetermined 
75 frequency bands and a noise canceling unit provided for each of the divided bands. 

14. A noise suppressor for changing parameters according to a frequency band and multipass in noise 
suppression or removal using the spectral subtraction method. 

20 15. A noise suppressor according to claim 6, wherein the noise memory comprises a static characteristic 
noise memory for storing noise patterns of static noises and a multipass noise memory for storing 
noise patterns of noises caused by a multipass, and 

the receiving condition detecting means detects the level of a received, signal, and 

comprises : 

25 noise selecting means for selecting the noise memory of the static characteristic noise memory, if 

the detected level of received signal is at a predetermined value or a lower value, and the noise pattern 
of the multipass noise memory, if the level of received signal is at the predetermined value or a higher 
value. 

30 16. A noise suppressor according to claim 9, wherein 

the noise memory comprises plural memories for storing different noise patterns, respectively, and 
memory switching means is provided for switching between the plural memories according to the 

receiving condition detected by the receiving condition detecting means and a stereo pilot signal 

received by the receiver means. 

35 

17. A noise suppressor according to claim 16, wherein 

the different noise patterns are of noises contained in the (L + R) signal that is produced by the L 
and R signals, those in the (L - R) signal, and noises caused by the multipass. 

40 18. A noise suppressor according to claim 9, comprising: 

intermediate frequency level detecting means for detecting a receiving condition from an intermedi- 
ate frequency signal that is outputted by the receiver means and 

pilot signal detecting means for detecting the stereo pilot signal from the intermediate frequency 
signal, wherein 

45 the noise canceler control means outputs a parameter according to the detected receiving condition 

and stereo pilot signal. 

19. A noise suppressor comprising: 

signal transmitting means for sending a signal to be transmitted and a phase-inverted signal thereof 
so to a predetermined signal transmission system, respectively, 

signal mixing means for mixing the signal and inverted signal transmitted thereto by the signal 
transmission system and 

noise canceling means for suppressing or removing noises that enters the signal transmission 
system according to the mixed signal and the signal or inverted signal, wherein 
55 the noises are similarly contained in the signal and inverted signal in transmission. 

20. A noise suppressor comprising : 

tuning control means for controlling the tuning of receiver means, 
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detuning level detecting means for detecting a detuning level in the receiver means and 
noise canceling means for suppressing or removing noise components contained in a signal 
received by the receiver means according to the detected detuning level. 

21. A noise suppressor comprising : 
ghost detecting means for detecting a ghost in a video signal of signals received by receiver- 
means which is a TV receiver and 

noise canceling means for suppressing or removing noise components contained in an audio signal 
of the signals received by the TV receiver according to the detected ghost. 

22. A noise suppressing apparatus comprising: 

recording/reproducing means for recording/reproducing data; 

a noise memory for storing therein a noise pattern used to suppress, or remove a noise component 
of data produced during the reproducing operation by the recording/reproducing means; and 
75 noise canceling means for suppressing, or removing the noise component contained in the 

reproduced signal of the recording/reproducing means based upon the stored noise pattern. 

23. A noise suppressing apparatus as claimed in claim 22, wherein 

said noise canceling means uses parameter to suppress, or remove said noise component ,and 
20 reproducing level detecting means is provided for detecting a level of the reproduced signal 

derived from said recording/reproducing means; and 

noise cancel controlling means is provided for outputting the parameter to said noise canceling 
means based upon the level of the reproduced signal detected by said reproducing level detecting 
means. 

25 

24. A noise suppressing apparatus comprising: 

recording/reproducing means for performing the recording/reproducing operations of data; 
noise acquiring means for acquiring noise data during the recording operation of the data; 
a noise memory for storing the acquired noise data; and 
30 noise canceling means for suppressing, or removing the noise component contained in the 

reproduced signal based on the noise data stored in the noise memory. 

25. A noise suppressing apparatus comprising: 

recording/reproducing means for recording/reproducing data; 
35 no-signal-condition detecting means for detecting a no signal condition during signal reproducing 

operation; 

a noise memory for storing therein noise data under the no signal condition when the no signal 
condition is detected by the no-signal condition detecting means; and 

noise canceling means for suppressing, or removing a noise component contained in the repro- 
40 duced signal during the reproducing operation based on the noise data stored in the noise memory 

while at least no signal condition is not detected by the no-signal-condition detecting means during the 
reproducing operation. 

26. A noise suppressing apparatus as claimed in claim 25, wherein 

45 the storing operation of said noise data is carried out either during a noise pattern storage mode, or 

every time the signal reproduction is performed. 

27. A noise suppressing apparatus comprising: 

amplifying means for amplifying a signal; 
so amplification controlling means for controlling an amplification of the amplifying means; and 

noise canceling means for suppressing, or removing a noise component contained in the signal 
amplified by the amplifying means in response to the amplification. 

28. A noise suppressing apparatus comprising: 

55 receiving means for receiving a signal wave; 

recording/reproducing means for recording/reproducing a signal; 

signal switching means for switching output signals derived from said receiving means and said 
recording/reproducing means; and 
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noise suppressing signal processing means tor suppressing, or removing a noise component 
contained in such a signal that the switched output signal corresponds to the signal derived trom the 
receiving means, and for performing a signal control process operation when the switched output signal 
corresponds to the signal derived from the recording/reproducing means. 

5 

29. A noise suppressing apparatus comprising: 

sound collecting means for converting a sound into an electric signal; 

wind information detecting means for detecting a physical amount related to wind during the sound 
collecting operation by said sound collecting means; 
70 noise generating means for generating a noise pattern corresponding to noise produced in 

correspondence to the physical amount related to the wind; and 

noise canceling means for suppressing, or removing a noise component contained in the electric 
signal converted by the sound collecting means based upon the generated noise pattern. 

75 30. A noise suppressing apparatus comprising: 

first receiving means and second receiving means for simultaneously receiving signals; 
switching operation judging means for performing a switching judgement on output signals from 
said first receiving means and said second receiving means in response to reception signals from the 
first and second receiving means; 
20 switching means for switching the output signals derived from the first receiving means and the 

second receiving means in response to the switching judgement result; 

noise generating means for generating a noise pattern corresponding to noise produced during the 
switching operation based on the judgement result; and 

noise canceling means for suppressing, or removing a noise component contained in the switched 
25 output signal based on the noise pattern generated by the noise pattern generating means. 

31. A noise suppressing apparatus comprising: 

signal processing means for processing a signal; 

power source voltage detecting means for detecting a voltage of a power source of the signal 
30 processing means; 

a noise generating means for generating a noise pattern corresponding to noise produced with 
respect to the voltage of the power source in response to the detected voltage of the power source; 
and 

noise canceling means for suppressing, or removing a noise component contained in the signal 
35 processed by the signal processing means based upon the generated noise pattern. 

32. A noise suppressing apparatus comprising: 

signal processing means for processing a signal; 

noise-generation-information detecting means for detecting a physical amount related to a noise 
40 generation by a noise generating means; 

noise generating means for generating a noise pattern corresponding to noise generated in 
accordance with the detected physical amount; and 

noise canceling means for suppressing, or removing a noise component contained in the signal 
processed by the signal processing means based on the produced noise pattern. 

45 

33. A noise suppressing apparatus comprising: 

signal processing means for processing a signal; 

noise-generation-information detecting means for detecting a rotational frequency and/or a vibration 
frequency of a noise generating source; 
so noise generating means for generating a noise pattern corresponding to noise produced in 

response to the detected rotational frequency and/or the detected vibration frequency; and 

noise canceling means for suppressing, or removing a noise component contained in the signal 
processed by the signal processing means. 

55 34. A noise suppressing apparatus comprising: 

signal processing means for processing a signal; 

signal stop controlling means for stopping only the signal processed by the signal processing 
means; 
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a noise memory for storing therein noise data of the signal processing means when the signal is 
stopped by the signal stop controlling means; and 

noise canceling means for suppressing, or removing a noise component contained in the signal 
processed by the signal processing means based on the noise data stored in the noise memory when 
5 the signal is not stopped by the signal stop controlling means. 

35. A noise suppressing apparatus comprising: 

signal processing means for processing a signal; 

noise period detecting means for detecting a noise period during which there is no signal at the 
70 signal processing means; 

noise comparing means for comparing noise data present in the detected noise period with past 
noise data stored in a noise memory, and for updating the noise pattern of the noise memory by the 
noise data of the detected noise period under such a condition that a comparison result is greater than 
a predetermined value; and 

15 noise canceling means for suppressing, or removing a noise component contained in such a signal 

based on the stored noise data that said signal corresponds to a signal from which at least the noise 
period is not detected. 

36. A noise suppressing apparatus comprising: 

20 signal processing means for processing a signal containing a sideband signal; 

sideband signal detecting means for detecting the sideband signal component from the signal 
processed by the signal processing means; 

a sideband signal memory for storing the detected sideband signal; 
noise detecting means for detecting noise from the signal; 
25 a noise memory for storing the detected noise; and 

noise sideband signal canceling means for suppressing, or removing both the sideband component 
and the noise component contained in the signal processed by the signal processing means based on 
the sideband signal stored in the sideband memory and the noise stored in the noise memory. 

30 
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FIG. 6 
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